Weak decays of charmed baryons provide a unique testing ground for different theoretical models and approaches, e.g. the quark model approach to non-leptonic charm decays and Heavy Quark Effective Theory [1] [2] [3] [4] [5] [6] [7] . The charmed baryon ground state Λ + c was first observed in 1979 [8, 9] , but, compared to the rapid advances of charmed mesons, progress in the studies of the charmed baryons has been relatively slow due to a lack of experimental data and the additional difficulties of three constituent quarks in theoretical calculation. The accuracy of Λ + c branching fractions (BFs) has long been poor for the Cabibbo-favoured (CF) decays, and even worse, with uncertainties at the 40% level, for the singly-Cabibbosuppressed (SCS) decays [10] . As a consequence, it is neither possible to test the BFs predicted by different theoretical models, nor to determine the effects of finalstate interactions (FSI). It is therefore essential to improve the accuracy of these BFs for Λ + c decays and to search for new decay modes. The absolute BFs of twelve Λ + c CF hadronic decay modes have been measured by the BESIII collaboration with much improved precision [11] .
The SCS decays Λ + c → pη and pπ 0 have not yet been studied experimentally. These two decays proceed predominantly through internal W -emission and W -exchange diagrams, which are non-factorizable and not subject to color and helicity suppression in charmed baryon decay. Some theoretical models [3, 4, 12, 13] , predict the BFs of these two process under different assumptions (the flavor SU(3) symmetry, FSI) obtaining different results. Therefore, measurements of these BFs will help us to understand the underlying dynamics of charmed baryon decays and distinguish between the different models. Furthermore, the ratio of BFs of these two decays, which is expected to be relatively insensitive to the values of input parameters in the theoretical calculation, is an excellent probe to distinguish between the different models.
In this Letter, we present the first experimental investigations of the SCS decays Λ + c → pη and pπ 0 . We use a data sample of e + e − collisions at a center-of-mass (c.m.) energy of √ s = 4.6 GeV [14] with an integrated luminosity of 567 pb −1 [15] collected by the BESIII [16] detector at the BEPCII [17] collider. Taking advantage of the excellent BESIII detector performance and the clean environment just above the mass threshold to produce Λ Throughout the text, the charge conjugate states are always implied unless mentioned explicitly.
BESIII [16] is a cylindrical spectrometer, consisting of a small-celled, Helium-based main drift chamber (MDC), a plastic scintillator Time-of-Flight system (TOF), a CsI(Tl) electromagnetic calorimeter (EMC), a superconducting solenoid providing a 1.0 T magnetic field, and a muon counter. The charged particle momentum resolution is 0.5% at a transverse momentum of 1 GeV/c and the photon energy resolution in the EMC is 2.5% (5%) in the barrel (endcap) region for 1 GeV photons. A more detailed description of the BESIII detector is given in Ref. [16] .
High-statistics e + e − annihilation Monte Carlo (MC) samples, generated by the geant4-based [18, 19] MC simulation package boost [20] , are used to investigate the backgrounds, to optimize the selection criteria, and to determine the detection efficiencies. The e + e − annihilation is simulated by the MC generator kkmc [21] , taking into consideration the spread of the beam energy and the effect of the initial-state radiation (ISR). Inclusive MC samples, consisting of Λ
(s) pair production, ISR returns to lower mass charmonium(-like) ψ states, and continuum QED processes e + e − →(q = u, d, s), are used to study the backgrounds. All known decay modes are generated with evtgen [22, 23] with BFs being the values of the Particle Data Group (PDG) [10] , and the remaining unknown decay modes are generated by lundcharm [24] . The signal MC samples of e + e − → Λ Charged tracks, reconstructed from hits in the MDC, are required to have a polar angle θ satisfying | cos θ| < 0.93 and a point of closest approach to the interaction point within ±10 cm along the beam direction (V z ) and 1 cm in the plane perpendicular to the beam (V r ). Information from the TOF is combined with the ionization energy loss (dE/dx) from the MDC to calculate particle identification (PID) confidence levels (C.L.) for the π, K, and p hypotheses. The mass hypothesis with the highest PID C.L. is assigned to each track. A further requirement V r < 0.2 cm is imposed on the proton candidates to avoid backgrounds from beam interactions with residual gas inside the beam pipe and materials of beam pipe and MDC inner wall. Photon candidates are reconstructed by clustering energy deposits in the EMC crystals. Good photon candidates are required to have energies larger than 25 MeV in the barrel region (| cos θ| < 0.8) or 50 MeV in the endcap region (0.86 < | cos θ| < 0.92). To eliminate showers produced by charged particles, showers are required to be separated by more than 20
• from anti-protons, and by more than 8
• from other charged particles. The EMC time is required to be within (0, 700) ns of the event start time to suppress electronic noise and showers unrelated to the event [11] . The EMC shower shape variables are used to distinguish photons from anti-neutrons: the photon candidates are required to have a lateral moment [25] less than 0.4, and E 3×3 /E 5×5 larger than 0.85, where the E 3×3 (E 5×5 ) is the shower energies summed over 3 × 3 (5 × 5) crystals around the center of the shower.
In the studies of Λ + c → pη and Λ + c → pπ 0 decays, the η mesons are reconstructed in their two most prominent decay modes, η → γγ (η γγ ) and η → π + π − π 0 (η π + π − π 0 ), while the π 0 meson is reconstructed in its dominant decay mode π 0 → γγ. Candidate η → γγ and π 0 → γγ decays are selected using all γγ combinations with an invariant mass within 3 times the mass resolution (10 (6) MeV/c 2 for the η (π 0 ) signal) of their nominal masses (M η or M π 0 ) [10] . An additional requirement, | cos θ decay | < 0.9, where θ decay is the polar angle of one γ in the helicity frame of the γγ system, is imposed on the candidate η → γγ decay to suppress combinatorial backgrounds. To improve the momentum resolution, the γγ invariant mass is then constrained to M η or M π 0 mass, and the resultant momenta are used in the subsequent analysis. The candidate η → π + π − π 0 are reconstructed using all π + π − π 0 combinations with an invariant mass satisfying
The Λ Table I . For a given decay mode, we accept at most one charmed baryon candidate per event, retaining the one with the minimum |∆E|. If there are candidates from different decay modes, we keep them all. For the decay mode Λ + c → pη π + π − π 0 , the peaking background from the CF decay mode Λ
2 . The MC study shows that the residual peaking backgrounds from Λ
, which have exactly the same final states as the signal, are negligible.
The resultant M BC distributions for the decays Λ + c → pη and Λ + c → pπ 0 are depicted in Fig. 1 and Fig. 2 , respectively. The Λ + c → pη signals are seen in both η decay modes, but no obvious Λ + c → pπ 0 signal is observed. The data in the ∆E sideband region, defined as 3.5σ ∆E < |∆E| < 6σ ∆E , are used to study the backgrounds. The corresponding M BC distributions, illustrated by the long-dashed histograms in Fig. 1 and Fig. 2, show 
2 ), illustrated by the (pink) dashed histogram in Fig. 1(b) , also shows no evidence for peaking background. This is further validated by an analysis of the inclusive MC samples, where it is found that the combinatorial backgrounds are dominated by the processes e + e − → qq. To extract the signal yield for the decay Λ + c → pη, we perform unbinned maximum likelihood fits to the M BC distributions. The signal probability density function (PDF) is constructed by the signal MC simulated shape convoluted with a Gaussian function. Since MC simulation may be imperfect for modeling of the detector resolution and beam-energy spread of data, the mean and width of Gaussian function are free parameters to account for the potential mass shift and resolution difference between data and MC simulation. GUS function [26] with the fixed high-end cutoff E beam . The reliability of the ARGUS function is validated with the data in the ∆E sideband region as well as the inclusive MC samples in the signal region. In the decay Λ + c → pη π + π − π 0 , the peaking backgrounds from the CF decays have been found to be negligible by MC studies, and are not considered in the fit. The fits are performed for the two η decay modes separately. The corresponding BFs are calculated using
where N sig is the signal yield determined from the M BC fit, N Λ + cΛ − c = (105.9 ± 4.8(stat.) ± 0.5(syst.)) × 10 3 is the total number of Λ + cΛ − c pairs in the data [11] , ε is the detection efficiency estimated by the MC simulation, and B inter is the η or π 0 decay BF taken from the PDG [10] . The factor of 2 in the denominator accounts for the charge conjugation of the Λ + c . Table I We also perform a simultaneous fit to the M BC distributions for the two η decay modes, constrained to the same B(Λ + c → pη) and taking into account the different detection efficiencies and decay BFs of η. The projections of the fit curves are illustrated in Fig. 1 . In the fit, the likelihood values of the two individual η decay modes are calculated as a function of BF, and are smeared by considering the correlated and uncorrelated systematic uncertainties (discussed in detail below) between the two η decay modes according to Refs. [27, 28] . The overall likelihood value in the fit is the product of those for the two η decay modes. The resultant BF is determined to be B(Λ + c → pη) = (1.24 ± 0.28(stat.)± 0.10(syst.))× 10
with a statistical significance of 4.2σ, where the significance is estimated by the difference of maximum likelihood values for simultaneous fits with and without signal. Since no significant Λ + c → pπ 0 signal is observed, an upper limit on the BF is estimated. We fit the M BC distribution for the candidate Λ + c → pπ 0 events using similar signal and background shapes to those described previously. The result of the best fit is shown in Fig. 2 . For the signal PDF, the MC shape is convoluted with a Gaussian function with parameters fixed to those obtained in the fit to Λ + c → pη γγ candidates. The PDF for the expected signal yield is taken to be the normalized likelihood L obtained by scanning over the signal yield fixed from zero to a large number, and incorporating systematic uncertainties [27, 28] , as shown in the inset plot of Fig. 2 . The upper limit at the 90% C.L. on the signal yield is N up = 27.9 (shown as the arrow in Fig. 2 ), corresponding to
The upper limit at the 90% C.L. on the BF is calculated with Eq. (1) by substituting η with π 0 and is reported in Table I . Several sources of systematic uncertainties are considered in the BF measurements. The uncertainties associated with the efficiencies of the tracking and PID for charged tracks are investigated with the samples In summary, using 567 pb −1 of e + e − annihilation data taken at a c.m. energy of √ s = 4.6 GeV with the BE-SIII detector, we find the first evidence for the SCS decay Λ Table III . Our measured BF of Λ + c → pη is consistent, within two standard deviations, with one of predictions in Ref. [3] , the one that assumes flavor SU(3) symmetry and negative sign for p-wave amplitude of Λ + c → Ξ 0 K + . It is worth noting that our measurement is significantly higher than other's theoretical predictions. The measured upper limit of B(Λ + c → pπ 0 ) is compatible with the predicted values of most of theoretical models, but is smaller by a factor of 2 than that in Ref. [13] . Overall, the obtained relatively large value of B(Λ + c → pη) and the trend toward small value of the ratio B(Λ + c → pπ 0 )/B(Λ + c → pη) will have a significant impact on theoretical calculation and will be helpful to understand the underlying dynamics of charmed baryon decays and to test SU(3) flavor symmetry. Additional experimental data will improve the sensitivity of the measurements and allow a better discrimination between the different models. [12] ... 0.11-0.36 c ... Cai-Dian Lü et al [13] ... 
